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A detrimental worldwide phenomena that affects the output of three-phase synchronous motors 

is voltage unbalance. There are several ways that a three-phase source voltage can become 

unbalanced. A motor may be practically impacted by imbalanced instances that vary in several 

ranges. The goal of this work is to assess the operations using relevant hypotheses. To understand 

the degree of such modifications, this paper examines balanced and imbalanced situations 

practically in relation to their mechanical and electrical performance. This performance entails 

the currents of stator, total harmonics distortion, the speed of the motor, and the efficiency. The 

experiment was conduct laboratory on three phase synchronous motor. 
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INTRODUCTION 

For many years, the synchronous machine has held the foremost position among electromechanical power-

conversion apparatuses, serving as a vital component in both electricity generation and specific specialty drive 

uses[1]. Three phase synchronous motors have been used for long time in industrial applications requiring constant 

speed operation in addition to power systems for improving the voltage profile of the power grid by absorbing the 

excessive reactive power available at selected locations[2]. Both motor and generator modes of operation are available 

for the synchronous machine. the three-phase synchronous motor's stator features a three-phase dispersed winding 

Similar to the three-phase induction motor. the stator winding which is linked to the ac supply system is occasionally 

referred to as the armature winding. It's made to withstand high current and voltage. Direct current is carried by a 

winding on the rotor known as the field winding. Typically, an external DC source is delivered by brushes and slip 

rings to the rotating structure's field winding[3].When the motor reaches synchronous speed, the damper winding 

won't experience any induced current, so it is removed from the operation of the motor. If the rotor speed deviates 

from the synchronous speed due to a fast change in load or other transients, the damper winding will induce currents 

to provide a torque that will bring the synchronous speed back[4]. A three-phase equipment is designed to operate 

under balanced three-phase supplies, while A three-phase supply can become unbalanced due to operational realities 

such as uneven line current switching, faulty transformer windings, imbalanced transformer windings, unequal 

single-phase loads on each of the three phases of the supply, etc. In addition to increasing operational losses, voltage 

imbalance can result in thermal transients in machines and harmonic currents in windings. So Electrical systems 

must have excellent power quality. Voltage imbalance in power and electrical systems can be solved using a variety 

of techniques, some of which are analytical and others of which are experimental[5], [6]. Over the past two years, a 

number of experts have published various research on synchronous motors.D Aguilar, F Ferreira, A De 

Almeida, M Cistelecan ,2022discussed beginning torque, part- and full-load efficiency, and synchronization. 

Furthermore, the mains voltage's magnitude deviation and/or imbalance, which significantly impair starting Line-

start permanent magnet synchronous motors' (LSPMSM) torque and synchronous speed, with special focus on the 

motor's steady-state performance and the consequences of voltage imbalance and magnitude variation[7]. AA 

Kebir, M Ayad, S Kamel,2022 explore how harmonic pollution and voltage imbalance affect the five-phase 

permanent magnet synchronous machine using spectrum current analysis and wavelet transform[8]. Elsevier, 
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2023 offers a methodical approach to determining the values of synchronous machine parameters and the associated 

circuit.The study expands to examine the performance characteristics of the machines and the behavior of three-

phase synchronous machines under both dynamic and steady-state settings. The effect of load changes on the 

synchronous motor with a fixed field excitation is demonstrated by plotting the phasor diagram and the influence of 

varying field excitation in terms of V-curves. Furthermore, the connection between torque, excitation, and current is 

studied[9].  

This work aims to investigate how a synchronous motor's performance in steady-state conditions is affected by supply 

voltage imbalance using a device Power and quality analyzer. Performance comparisons of the motor under two cases 

supply voltage unbalance factors on the Stater current, Real input power, reactive power, power factor, efficiency and 

speed. It is anticipated that an uneven and distorted voltage source will affect the motor in a number of ways. 

SYNCHRONOUS MACHINE MODELING 

This study uses the Park transformation for modeling the synchronous machine with a single d-axis damper winding. 

The equations for the models originate from the d-q circuit shown in Error! Reference source not found.  [10] 

 

Figure 1 The dynamic model of synchronous machines with direct and quadratic axes 
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the relationship between current and flux can be expressed as: 

[

𝜓𝑑

𝜓𝑘𝑑

𝜓𝑓𝑑

] = [

𝐿𝑙 + 𝐿𝑚𝑑 𝐿𝑚𝑑 𝐿𝑚𝑑

𝐿𝑚𝑑 𝐿𝑙𝑘𝑑 + 𝐿𝑓𝑙𝑑 + 𝐿𝑚𝑑 𝐿𝑓𝑙𝑑 + 𝐿𝑚𝑑

𝐿𝑚𝑑 𝐿𝑓𝑙𝑑 + 𝐿𝑚𝑑 𝐿𝑙𝑓𝑑 + 𝐿𝑙𝑓𝑑 + 𝐿𝑚𝑑
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8 

[

𝜓𝑞
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𝜓𝑘𝑞2

] = [

𝐿𝑚𝑞 + 𝐿𝑙 𝐿𝑚𝑞 𝐿𝑚𝑞

𝐿𝑚𝑞 𝐿𝑚𝑞 + 𝐿𝑘𝑞1 𝐿𝑚𝑞

𝐿𝑚𝑞 𝐿𝑚𝑞 𝐿𝑚𝑞 + 𝐿𝑘𝑞2

] [

−𝑖𝑞
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] 

9 

The system's electromagnetic torque in a full dynamic model is 

𝑇𝑒 = 𝜓𝑖𝑑𝑠 ∗ 𝑖𝑞 − 𝜓𝑖𝑞𝑠 ∗ 𝑖𝑑 10 
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Where: 

𝑑, 𝑞  are the quantity on the d- and q-axis, 𝑠 is the quantity of stator, 𝑙, 𝑚 are the inductance of leakage and 

magnetization, 𝑓, 𝑘 are the quantity of field and damper windings 

STEADY STATE ANALYSIS OF THREE PHASE SYNCHRONOUS MOTORS 

Since The synchronous machine's rotor does not provide a balanced impedance to the machine's stator, in contrast 

to the induction machine, which can easily handle such imbalances analytically, so this leads to a solution that is far 

more complex. there is basic method for analyzing such issues, where it is assumed that each machine phase is made 

up of an arbitrary number of harmonics. When considering the broader that when the three source voltages are 

arbitrary periodic functions, it is helpful to examine the case of a three-wire, three-phase synchronous machine 

operating in steady-state. It is assumed that the three source voltages have the same fundamental frequency 

component and are periodic for the sake of simplicity. If this were untrue, it is still possible to solve the currents by 

superposition, which involves adding the solutions for each basic component. 

For Figure 1, If the three source voltages are periodic, they can be expressed generally as 

𝑒𝑎𝑚 = ∑ 𝐸𝑘𝑎𝛼 cos 𝜃𝑒𝑡 + ∑ 𝐸𝑘𝑎𝛽 sin 𝜃𝑒𝑡

∞

𝑘=0

∞

𝑘=0

 
11 

𝑒𝑏𝑚 = ∑ 𝐸𝑘𝑏𝛼 cos 𝜃𝑒𝑡

∞

𝑘=0

+ ∑ 𝐸𝑘𝑏𝛽 sin 𝜃𝑒𝑡

∞

𝑘=0

 
12 

𝑒𝑐𝑚 = ∑ 𝐸𝑘𝑐𝛼𝑡 cos 𝜃𝑒𝑡

∞

𝑘=0

+ ∑ 𝐸𝑘𝑐𝛽 sin 𝜃𝑒𝑡

∞

𝑘=0

 
13 

 

Figure 2 Synchronous machine with Source voltages with random periodicity 

wherein it is acknowledged that 𝐸0𝑎𝑎 , 𝐸0𝑏𝑎 , 𝐸0𝑐𝑎 are the three source voltages' DC components and 𝐸0𝑎𝛽 = 𝐸0𝑏𝛽 =

𝐸0𝑐𝛽 = 0 

In the stationary reference frame, the d-q voltages are 

𝑣𝑑𝑠
𝑠 = ∑ 𝑉𝑘𝑑𝛼 cos 𝜃𝑒𝑡∞

𝑘=0 + ∑ 𝑉𝑘𝑑𝛽 sin 𝜃𝑒𝑡∞
𝑘=0                                                                                        14 

𝑣𝑞𝑠
𝑠 = ∑ 𝑉𝑘𝑞𝛼 cos 𝜃𝑒𝑡∞

𝑘=0 + ∑ 𝑉𝑘𝑞𝛽 sin 𝜃𝑒𝑡∞
𝑘=0                                                                                        15 

whereby the relationship between the source voltage harmonics and the harmonics of the 𝑣𝑑𝑠
𝑠  , 𝑣𝑞𝑠

𝑠  variables is 

𝑉𝑘𝑑𝛼 =
1

√3
(𝐸𝑘𝑐𝛼 − 𝐸𝑘𝑏𝛼)                                                                                                                            16 

𝑉𝑘𝑞𝛽 =
1

√3
(𝐸𝑘𝑐𝛽 − 𝐸𝑘𝑏𝛽)                                                                                                                            17 
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𝑉𝑘𝑞𝛼 =
2

3
𝐸𝑘𝑎𝛼 −

1

3
𝐸𝑘𝑏𝛼 −

1

3
𝐸𝑘𝑐𝛼                                                                                                               18 

𝑉𝑘𝑞𝛽 =
2

3
𝐸𝑘𝑎𝛽 −

1

3
𝐸𝑘𝑏𝛽 −

1

3
𝐸𝑘𝑐𝛽                                                                                                               19 

It is not practicable to transform each stator voltage to a synchronously rotating frame and since the inductances of 

a synchronous machine become time invariant only when represented in the rotor reference frame. Therefore, so it 

is transformed the d–q voltages to a reference frame rotating at rotor speed[11]. The transformational equations are 

𝑣𝑑𝑠
𝑟 = 𝑣𝑞𝑠

𝑠 sin 𝜃𝑟𝑡 + 𝑣𝑑𝑠
𝑠 cos 𝜃𝑟𝑡                                                                                                        20 

𝑣𝑞𝑠
𝑟 = 𝑣𝑞𝑠

𝑠 cos 𝜃𝑟𝑡 − 𝑣𝑑𝑠
𝑠 sin 𝜃𝑟𝑡                                                                                                         21 

Substituting Eqs.14,15 into Eqs. 20 and 21 One gets 

𝑣𝑑𝑠
𝑟 = ∑ [𝑉𝑘𝑞𝛼 cos 𝜃𝑒𝑡 sin 𝜃𝑟𝑡 + 𝑉𝑘𝑞𝛽 sin 𝜃𝑒𝑡 sin 𝜃𝑟𝑡 + 𝑉𝑘𝑑𝛼 cos 𝜃𝑒𝑡 cos 𝜃𝑟𝑡 +∞

𝑘=0

𝑉𝑘𝑑𝛽 sin 𝜃𝑒𝑡 cos 𝜃𝑟𝑡]                                                                                                                                 22 

𝑣𝑞𝑠
𝑟 = ∑[𝑉𝑘𝑞𝛼 cos 𝜃𝑒𝑡 cos 𝜃𝑟𝑡 + 𝑉𝑘𝑞𝛽 sin 𝜃𝑒𝑡 cos 𝜃𝑟𝑡 − 𝑉𝑘𝑑𝛼 cos 𝜃𝑒𝑡 sin 𝜃𝑟𝑡

∞

𝑘=0

− 𝑉𝑘𝑑𝛽 sin 𝜃𝑒𝑡 sin 𝜃𝑟𝑡]                                                                                              23 

𝑣𝑑𝑠
𝑟 = ∑ [

1

2
(𝑉𝑘𝑞𝛼 + 𝑉𝑘𝑑𝛽) sin(𝑘𝜃𝑒 + 𝜃𝑟)𝑡 −

1

2
(𝑉𝑘𝑞𝛽 − 𝑉𝑘𝑑𝛼) cos(𝑘𝜃𝑒 + 𝜃𝑟)𝑡 −

1

2
(𝑉𝑘𝑞𝛼 − 𝑉𝑘𝑑𝛽) sin(𝑘𝜃𝑒 − 𝜃𝑟)𝑡 +

1

2
(𝑉𝑘𝑞𝛽

∞

𝑘=0

+ 𝑉𝑘𝑑𝛼) cos(𝑘𝜃𝑒 − 𝜃𝑟)𝑡]    24 

𝑣𝑞𝑠
𝑟 = ∑ [

1

2
(𝑉𝑘𝑞𝛼 + 𝑉𝑘𝑑𝛽) cos(𝑘𝜃𝑒 + 𝜃𝑟)𝑡 +

1

2
(𝑉𝑘𝑞𝛽 − 𝑉𝑘𝑑𝛼) sin(𝑘𝜃𝑒 + 𝜃𝑟)𝑡 +

1

2
(𝑉𝑘𝑞𝛼 − 𝑉𝑘𝑑𝛽) cos(𝑘𝜃𝑒 − 𝜃𝑟)𝑡 +

1

2
(𝑉𝑘𝑞𝛽

∞

𝑘=0

+ 𝑉𝑘𝑑𝛼) sin(𝑘𝜃𝑒 − 𝜃𝑟)𝑡]    25 

Where: 

 𝜃𝑒is the machine's electrical angle.                                              𝜃𝑟 is the machine's angular velocity 

Total Harmonic Distortion (THD) 

One of the most significant measurement indices utilized assess power system quality in a methodical and 

comparable manner is total harmonic distortion (THD), which contributes to higher power system quality and lower 

distortion levels. THD is a measure of the percentage of signal energy difference from the fundamental component, 

which is typically the main component in power systems, particularly when it comes to voltage. It should be noted 

that, although there are other power quality indices such as power factor, individual harmonic measurement, and so 

on to quantify waveform distortion, and European standards for renewable energy systems, like grid-connected 

photovoltaic systems, only address the THD distortion factor when determining the amount of harmonic pollution. 

Furthermore, a large number of the commercial quality testing devices available today only measure the THD factor; 

they do not account for total interharmonic distortion or measure in high frequency ranges. Thus, it is convenient to 

examine which distortion factor among the ones that are already described is best suited for identifying harmonic in 

power systems[12].  

Total harmonic distortion can be expressed as a percentage. It is the difference between the root mean square (RMS) 

values of the harmonic and fundamental components. In an entirely sinusoidal waveform, the THD value is zero[13]. 

The following can be used to express the total harmonic distortion of the voltage and current waveforms, respectively: 

𝑇𝐻𝐷𝐼 =
√∑ 𝐼ℎ

∞
ℎ=0

2

𝐼1

                                                                                                              26 

𝑇𝐻𝐷𝑉 =
√∑ 𝑉ℎ

∞
ℎ=0

2

𝑉1

                                                                                                               27  
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Equilibrium Sinusoidal Supply Results 

A synchronous motor shown in Figure 3 with specifications shown in the Table 1 was chosen for the purpose of 

studying the effect of balanced and unbalanced voltages with 87.8w load. 

 

Figure 3 The synchronous motor 

Specifications Value Specifications Value 

Rated power 350 KW Poles 2 

Rated voltage 400 240⁄  V stator current 0.7 A 

Speed 3000 rpm Frequency 50 HZ 

Excitation voltage 220 v Connection Y 

Excitation current 0.45 A   

Table 1 Parameters of synchronous motor 

with the purpose of creating a benchmark for comparison testing was done under normal operating conditions, with 

87.8w load in case unite and lead power factor, this setup is shown in Figure 4 

 

 

Figure 4 The Setup to Show the Effect of Unbalance Voltage on The Performance of Synchronous Motor 

The components of the setup are as follows: 

1-Power supply for DC and AC three phase voltage 

2-Three phase synchronous machine (mod.M-3/EV) 

3-DC motor/generator (mod .M1-2/EV) 

4-Tachogenerator (mod.M-16/EV) 

5-Power and quality analyzer (HZCR-5000) 

6-Variable load (mod.RL-1/EV) 
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Readings were made, When the motor was operating normally, it received a rated voltage of 400 volts (line to line). 

Following are the voltages that were applied: 

𝑉𝑎 = 230∠0          𝑉𝑏 = 230∠ − 120          𝑉𝑐 = 230∠120 

 

Table 2 Input Power and Power Factor at Balance Conditions for Unity p.f 

        

  (a) Three phase voltage magnitude and phases              (b) Three phase current magnitude and phases 

        

                      (c) Three phase voltage THD                                              (d) Three phase current THD 

𝐼𝑒𝑥𝑐(𝐴) 𝐼𝐿(𝐴) 𝑉𝐿(𝑣) 𝑃𝑜𝑢𝑡(𝑤) 𝑇(𝑁 ∗ 𝑚) 𝐸𝑓𝑓. Speed(rpm) 

0.29 0.32 247 87.8 0.2794 0.473 3000 

                                                                            (e) Result for unity p.f 

Figure 5 Performance of Synchronous Motor at Balance Conditions Unity p.f 
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                                               Table 3 Input power and power factor at Balance Conditions for leading p.f 

        

   (a) Three phase voltage magnitude and phases           (b) Three phase current magnitude and phases 

        

              (c) Three phase voltage THD                                                 (d) Three phase current THD 

Iexc(A) IL(A) VL(v) Pout(w) T(N ∗ m) Eff. Speed(rpm) 

0.37 0.32 247 87.8 0.279 0.5 3000 

(e) Result for Leading p.f 

Figure 6 Performance of Synchronous Motor at Balance Conditions for Leading p.f 
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Table 4 Input power and power factor at Balance Conditions for Lagging p.f 

       

  (a) Three phase voltage magnitude and phases           (b) Three phase current magnitude and phases 

       

              (c) Three phase voltage THD                        (d) Three phase current THD 

Iexc(A) IL(A) VL(v) Pout(w) T(N ∗ m) Eff. Speed(rpm) 

0.2 0.35 247 87.8 0.2794 0.429 3000 

(e) Result for Lagging p.f 

Figure 7 Performance of Synchronous Motor at Balance Conditions for Lagging p.f 

Equilibrium of Unbalance Sinusoidal Supply Results 

This section examines the performance of a three-phase synchronous motor by applying unbalance fluctuations in 

the voltage's phase and magnitude in two different scenarios: 

 



218  

 

J INFORM SYSTEMS ENG, 10(8s) 

a) Under Voltage in Magnitude 

This testing was done under unbalance voltage with a load in case lead, lag and unite power factor. Following are 

the voltages that were applied: 

𝑉𝑎 = 202∠0          𝑉𝑏 = 217∠ − 116          𝑉𝐶 = 223∠119 

 

Table 5 Input power and power factor Unbalance Conditions (Under) for unity p.f 

       

    (a) Three phase voltage magnitude and phases         (b) Three phase current magnitude and phases 

       

              (c) Three phase voltage THD                                                 (d) Three phase current THD 

𝐼𝑒𝑥𝑐(𝐴) 𝐼𝐿(𝐴) 𝑉𝐿(𝑉) 𝑃𝑜𝑢𝑡(𝑤) 𝑇(𝑁. 𝑚) 𝐸𝑓𝑓. Speed(rpm) 

0.29 0.32 247 87.8 0.2762 0.447 3000 

(e) Result for load unity p.f 

Figure 8 Performance of Synchronous Motor at Unbalance Conditions (Under) for unity p.f 
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Table 6 Input power and power factor Unbalance Conditions (Under) for leading p.f 

       

  (a) Three phase voltage magnitude and phases           (b) Three phase current magnitude and phases 

       

                        (c) Three phase voltage THD                                          (d) Three phase current THD 

𝐼𝑒𝑥𝑐(𝐴) 𝐼𝐿(𝐴) 𝑉𝐿(𝑉) 𝑃𝑜𝑢𝑡(𝑤) 𝑇(𝑁. 𝑚) 𝐸𝑓𝑓. Speed(rpm) 

0.37 0.32 247 87.8 0.2762 0.475 3000 

(e) Result Leading p.f 

Figure 9 Performance of Synchronous Motor at Unbalance Conditions (Under) for Leading p.f 
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Table 7 Input power and power factor Unbalance Conditions (Under) for lagging p.f 

       

  (a) Three phase voltage magnitude and phases             (b) Three phase current magnitude and phases 

       

                         (c) Three phase voltage THD                                           (d) Three phase current THD 

𝐼𝑒𝑥𝑐(𝐴) 𝐼𝐿(𝐴) 𝑉𝐿(𝑉) 𝑃𝑜𝑢𝑡(𝑤) 𝑇(𝑁. 𝑚) 𝐸𝑓𝑓. Speed(rpm) 

0.2 0.32 247 87.8 0.2762 0.421 3000 

(E) Result for Lagging p.f 

Figure 10 Performance of Synchronous Motor at Unbalance Conditions (Under) for Lagging p.f 

b) Over Voltage in Magnitude 

This testing was done under unbalance voltage with load in case lead, lag and unite power factor. Following are the 

voltages that were applied: 

𝑉𝑎 = 245∠0          𝑉𝑏 = 239∠ − 121          𝑉𝐶 = 236∠122 
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Table 8 Input Power and power Factor at Unbalance Condition (over) for Unity p.f 

       

  (a) Three phase voltage magnitude and phases           (b) Three phase current magnitude and phases 

       

                          (c) Three phase voltage THD                                          (d) Three phase current THD 

𝐼𝑒𝑥𝑐(𝐴) 𝐼𝐿(𝐴) 𝑉𝐿(𝑉) 𝑃𝑜𝑢𝑡(𝑤) 𝑇(𝑁. 𝑚) 𝐸𝑓𝑓. Speed(rpm) 

0.29 0.32 247 87.8 0.2794 0.447 3000 

(E) Result for Unity p.f 

Figure 11 Performance of Synchronous Motor at Unbalance Condition (over) for Unity p.f 
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Table 9 Input Power and power Factor at Unbalance Condition for Leading p.f 

            

  (a) Three phase voltage magnitude and phases             (b) Three phase current magnitude and phases 

               

                        (c) Three phase voltage THD                                         (d) Three phase current THD 

𝐼𝑒𝑥𝑐(𝐴) 𝐼𝐿(𝐴) 𝑉𝐿(𝑉) 𝑃𝑜𝑢𝑡(𝑤) 𝑇(𝑁. 𝑚) 𝐸𝑓𝑓. Speed(rpm) 

0.37 0.32 247 87.8 0.2794 0.482 3000 

(E) Result for Leading p.f 

Figure 12 Performance of Synchronous Motor at Unbalance Condition (over) for Leading p.f 
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Table 10 Input Power and power Factor at Unbalance Condition (over) for Load Lagging p.f 

       

  (a) Three phase voltage magnitude and phases              (b) Three phase current magnitude and phases 

               

                        (c) Three phase voltage THD                                             (d) Three phase current THD 

 

𝐼𝑒𝑥𝑐(𝐴) 𝐼𝐿(𝐴) 𝑉𝐿(𝑉) 𝑃𝑜𝑢𝑡(𝑤) 𝑇(𝑁. 𝑚) 𝐸𝑓𝑓. Speed(rpm) 

0.2 0.32 247 87.8 0.2794 0.42 3000 

(E) Result for Lagging p.f 

Figure 13 Performance of Synchronous Motor at Unbalance Condition (over) for Load Lagging p.f 

DISCUSS OF THE RESULTS 

the motor was tested by applying a balanced voltage with a load of 87.8 wat for three cases: unity, leading and lagging. 

then the motor was tested by applying an unbalanced voltage suddenly in two states: under voltage in magnitude and 
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over voltage in magnitude with remaining the same load and the same excitation current for each case. these results 

were obtained 

      

Table 11 Result for Unity Power factor                               Table 12 Result for Leading Power Factor 

 

Table 13 Result for Lagging Power Factor 

we note from the results above when there is an unbalance in voltage the motor draws a higher current than when 

the voltage is balance, which leads to increased copper losses. each of the three phases will draw unequal currents. 

which will result in an uneven distribution of the load over the motor windings. Real input power (active power) is 

impacted by changes in reactive power caused by unbalanced voltage, where we notice reduce the power factor and 

increase input power which leads to reduced efficiency.  

The motor's production of reactive power increases when the power factor is at unity and an unbalanced voltage 

(under) is applied. Consequently, the motor runs in the lead power factor. in the case of leading power factor and 

applying unbalance voltage (under) we also notice an increase in the production of reactive power. while, when 

lagging occurs and an unbalanced voltage (under) is applied, the motor import for reactive power will decrease. 

we note from the results above an increase in harmonic when the voltage is under the rated. Increasing these 

harmonics means increasing the iron losses, which affects the efficiency of the motor because the motor converts 

electrical energy into thermal energy instead of mechanical energy. 

there was no device available in the laboratory to measure torque, and this makes the results depend on ideal 

mathematical assumptions. Mathematical calculation of torque is limited because it does not take into account the 

dynamic factors that may occur in reality. where the torque was calculated using an equation based on the theoretical 

data such as mechanical power and the angular velocity. So, it has not notice change in the torque value 

CONCLUSION 

synchronous motor is an electrical apparatus that is susceptible to variations in the voltage of the supply When the 

three-phase voltage values mismatch in value or angle, an imbalanced voltage occurs, it causes an imbalanced current 

to emerge in the coils. This could result in unequal overheating of the windings and stress on them.  Sensors that 

measure temperature can be used to keep an eye on this overheating or by manually monitoring the motor casing's 

temperature, which can lead to mechanical failures or damage to the insulation inside the motor casing. Unwanted 

harmonic current is produced by unbalanced voltages. These harmonics decrease efficiency and cause the motor to 

lose more losses. Additionally, affect the rotor and raise the heat produced within it. it also generates high currents 

in the zero phase in practical system using neutral points, this may lead to additional problems in distribution or 
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protection networks. In order to maintain the same power level, the synchronous motor must draw more current 

when the voltage falls below the rated amount. Thus, the THD value rises as the harmonic currents are amplified. 

also, Low voltage distorts the electromagnetic wave by affecting the magnetic flux inside the motor. consequently, 

more undesired harmonics are produced by this distortion. 

 Depending on the power factor unbalance voltages have an impact on the synchronous motor. These impacts show 

up as adjustments to electrical current, efficiency, power factor and harmonic. A voltage imbalance has no direct 

effect on a synchronous motor's speed because it is dependent on the network's electrical frequency and the number 

of motor poles rather than voltage. The synchronous speed will not change as long as the frequency never changes. 

but A voltage imbalance can cause issues that impact the motor's operation even when the synchronous speed 

remains constant. For instance, more vibration. where the motor's windings experience unbalanced currents due to 

an imbalanced voltage, this causes the magnetic field to have a negative component.  These parts generate 

counterforce, which results in mechanical vibrations and disruptions. 
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